ABSTRACT DAVIE, JOSEPH M. (Indiana University, Bloomington), AND THOMAS D. BROCK. Action of streptolysin S, the group D hemolysin, and phospholipase C on whole cells and spheroplasts. J. Bacteriol. 91:595-600. 1966.-The effect of streptolysin S, the group D hemolysin, and phospholipase C (the ca toxin of Clostridium perfringens) on whole cells and spheroplasts or protoplasts of three strains of streptococci and Micrococcus lysodeikticus was tested. Viability, C'4-glycine uptake, and lysis were measured. The group D hemolysin and phospholipase C were acLive against whole bacteria; streptolysin S was not. All three substances were active on spheroplasts. A partially resistant mutant derived from a strain sensitive to the group D hemolysin was also partially resistant to streptolysin S and phospholipase C. Antimycin A protected spheroplasts from streptolysin S but not from the group D hemolysin.
A number of hemolysins bear striking resemblance to streptolysin S (SLS). The investigations bearing on this problem have been of two principal types: those which compare the hemolysins in chemical or physical properties, and those which compare their action on susceptible cells or membranes. Ginsburg, Bentwich, and Harris (9) showed that the cell-bound hemolysin of group A streptococci is nearly identical to SLS, except that it is not released into the supernatant fluid by the cells. A number of papers have emphasized the similarities (and differences) between ribonucleic acid-induced and albumininduced SLS (10). The hemolysin of Streptococcus faecalis var. zymogenes also has certain properties in common with SLS (5), but also shows antibiotic activity against all gram-positive bacteria except the strains which produce it and is identical to the bacteriocine of S. faecalis var. zymogenes.
The investigators at New York University have emphasized the variety of membranous structures which are sensitive to SLS and other lysins. These have included, in addition to erythrocytes, lysosomes (11) , granules of leukocytes (14) , platelets (2) , and bacterial spheroplasts and protoplasts (3) .
It was the purpose of this study to shown to resemble SLS in certain physiological respects (inhibition by lecithin, hemolysin kinetics), with SLS and phospholipase C on viability and C'4-glycine uptake in whole cells and on lysis of spheroplasts and protoplasts.
MATERIALS AND METHODS Organisms. The letter S following a strain number indicates that the strain is resistant to streptomycin. The strain used for the production of the group D hemolysin (bacteriocine) was S. faecalis var. zymogenes X14 (5) . The hemolysins were tested on the following strains: S. faecalis var. zymogenes X14S; S. faecalis X46S (ATCC 11700); a mutant of X46S, designated X46S-R1; and Micrococcus lysodeikticus EM.
The mutant X46S-R1, which was partially resistant to the group D hemolysin, was obtained as follows. Streptomycin-sensitive X14 was spread onto Todd Hewitt (Difco) agar in an inoculum size sufficient to obtain confluent growth. The plates were incubated for 10 hr at 37 C, sufficient time to allow hemolysin production, but growth was barely visible; 2 ml of top agar containing 2 mg of streptomycin was overlaid to stop the growth of X14. Streptomycin-resistant X46S was then spread on the agar. Colonies which appeared on the surface were tested for resistance to the bacteriocine (5). Those which were resistant wereDAVIE AND BROCK to the group D hemolysin (bacteriocine). These mutants also differ from the wild-type in that they have gained the ability to produce an inhibitor which acts by neutralizing the hemolysin (Davie and Brock, unpublished data).
Growth of bacteria. Overnight cultures of streptococci were diluted 1:10 in fresh Todd Hewitt Broth (Difco), and were incubated at 37 C to an optical density (OD) of 0.400 (Spectronic-20 colorimeter). The cells were then centrifuged, and were washed in 0.01 M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7) . Finally, they were suspended to 3.5 times their original concentration in Tris buffer.
An overnight culture of micrococci was diluted 1:100 in fresh Todd Hewitt Broth, and was shaken at 30 C for 12 hr. The cells were then washed as above, and suspended to 3.5 times the original concentration; these cells (referred to as "3.5X cells") served as starting material for all of the experiments.
Preparation of protoplasts and spheroplasts. X46S was sensitive to lysozyme, but X14S and X46S-R1 were both completely resistant. However, treatment of 3.5X cells with 100 ,g/ml of lysozyme (Armour) and 1 mg/ml of trypsin (Difco, 1:250) in 0.01 M Tris buffer caused a 90% loss in OD in 3 hr. Chemical assay revealed that 36% of the methylpentose was solubilized (7) . Microscopically, the cells were primarily single, nonrefractile spheres. However, when the "spheroplasts" were diluted 1:10 in distilled water, lysis was extremely slow (25% in 40 min). This is similar to the value found by Shockman and Slade (13) for group D streptococci. Nevertheless, these structures were completely lysed under proper conditions by the hemolytic agents tested.
M. lysodeikticus protoplasts were prepared by treating the 3.5X cells with 50 ,g/ml of lysozyme in the presence of 0.5 M sucrose. The suspension was then incubated at 37 C for 10 min, a sufficient time for complete conversion to protoplasts. The resultant structures were osmotically fragile.
C14-glycine uptake. Glycine uptake was measured essentially by the method of Brock and Moo-Penn (6). This method consisted of washing (twice) approximately 108 to 5 X 108 cells in 5 ml of saline-phosphate buffer containing 4.78 mg of glucose and 50 ,ug of chloramphenicol per ml, and of suspending the cells in 0.9 ml of the same buffer. The cells were warmed at 37 C for 2 min, and 0.1 ml of Cl4-glycine (1.0 pc/ml) was added. The suspension was then incubated for 1 min at 37 C; 4 ml of cold saline-phosphate buffer was added to stop uptake, and 2.5 ml was immediately filtered through a 25-mm (0.45-, pore size) filter pad (Millipore Filter Corp., Bedford, Mass.). The cells were then washed with 5 ml of cold buffer, and the pad was glued to a planchet. The planchet was counted in a Chicago Nuclear gas-flow counter, counting 1,000 counts and correcting for background.
Group D hemolysin production. An overnight culture of X14 was diluted 1:10 into Todd Hewitt Broth, and was incubated at 37 C to an OD of 0.400. The cells were removed by centrifugation. The supematant fluid was frozen, and was stored at -70 C until needed. The supematant fluid contained about 1.0 to 1.5 hemolysin units/ml of group D hemolysin (bacteriocine). SLS. SLS was supplied by A. W. Bernheimer as a lyophilized preparation containing 10,000 hemolytic units/ml (1).
Phospholipase C. Phospholipase C was purchased from Worthington Biochemical Corp., Freehold, N.J., as a partially purified a toxin of Clostridium perfringens. The effects of possible contaminating A toxin were minimized by employing aerobic conditions.
REsuLTS
Group D hemolysin. Washed 3.5 X cells were diluted 1:5 into culture supernatant fluid containing the group D hemolysin (1.5 hemolysin units/ml). The suspension was incubated at 37 C. Periodically, 1-ml samples were removed and diluted in 9 ml of cold Todd Hewitt Broth; 0.1 ml of the sample was diluted and plated on Todd-Hewitt agar containing 1 mg/ml of streptomycin for viable count. A 5-ml sample was centrifuged, washed twice, and used to determine Cl4-glycine uptake. For determination of viability and uptake, a parallel series diluted into Todd C' 4-glycine uptake would be a more sensitive indicator of membrane damage than would viability.
-mACTE RIOCINE It is seen that loss in ability to take up glycine closely follows loss in viability.
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When the cell wall was removed and the hemolysin was tested on the spheroplasts or protoplasts, the same degree of susceptibility was retained; that is, X14S was still completely (Fig. 2) . This suggests that the cell wall is not involved in resistance to the hemolysin. Although the cell wall confers complete resistance to SLS, once the cell wall is removed, other factors become important. X46S-R1 spheroplasts are also more resistant to SLS than are those of its parent, X46S, and X14S spheroplasts are completely resistant. This is consistent with the idea that the inhibitor of the group D hemolysin also inhibits SLS. Unfortunately, it is not this simple, since X14S spheroplasts incubated in acetate buffer remain resistant to SLS, and partially purified inhibitor is without effect on SLS.
The most reasonable hypothesis is that all three agents are similar in their activity, but that they differ in subtle, as yet unexplained, ways. In all of them, the primary site of action is the cell membrane, probably on the phospholipid moiety. The rapid action of the group D hemolysin on whole cells may suggest that it is a smaller molecule, and that it is able to penetrate through the cell wall to the membrane.
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